Pulmonary function has been measured at intervals after direct chest injuries of mild and moderate severity in 46 patients. Ventilatory capacity (e.g. FEV1) and vital capacity were reduced and the residual volume was increased. Total lung capacity and alveolar volume were also reduced and as a result total pulmonary diffusing capacity (transfer factor) was decreased, however, the remaining lung had a normal diffusion coefficient. Intercostal nerve block at the fracture site did not improve ventilatory capacity although marked pain relief was achieved. Recovery was slower in those patients not admitted to hospital than in the more seriously injured patients who were admitted. It is suggested that more attention should be paid to the outpatient follow-up of such patients, perhaps paying particular attention to physiotherapy.
INTRODUCTION
There is continuing interest in the role of the lung in the general response to injury and in the pathogenesis of the pulmonary complications of injury, commonly referred to as shock lung, ARDS etc., (e.g. Sykes, 1976) . Studies have also been made of the functional sequelae of major direct chest injuries requiring admission to an intensive care unit (Davidson et al., 1969; Hanning et al., 1981) . Somewhat surprisingly much less attention has been given to the changes in pulmonary function produced by the mild or moderately severe accidental injuries to the chest which occur so much more frequently. After such injuries the patients are not always admitted to hospital and are often sent home from the 30 R. A. Little et al. accident and emergency department without any assessment being made of their pulmonary function.
We have studied pulmonary function in a group of patients at intervals after accidental chest injuries involving the fracture of at least one rib. The simple tests used were selected to measure ventilatory capacity, lung volumes and diffusion capacity. A group of control subjects were also studied to determine the reproducibility of the tests and the effects of posture on pulmonary function. Some of the data has been presented in a preliminary communication (Bancewicz et al., 1982) .
PATIENTS AND METHODS
A total of 46 patients (six females) were studied, all of whom had sustained an accidental fracture of at least one rib. Whenever possible the first series of measurements were made in the accident and emergency department after X-ray confirmation of the injury. Subsequent measurements were made on the wards or following recall to the accident and emergency department. The injuries were graded according to the Abbreviated Injury Scale (AIS) (Baker et al., 1974) and an Injury Severity Score (ISS) was calculated. This method which has been validated (Stoner et al., 1977; Stoner et al., 1980) , enables different types of injury to be placed on the same scale. Examples of representative chest injuries and their AIS values are shown in Table 1 . The tests of pulmonary function used can be divided into measurements of ventilatory capacity, diffusing capacity and lung volumes. Ventilatory capacity was assessed by the forced expired volume measured over one second (FEV, .0) and the forced vital capacity using a wedge spirometer (Vitalograph, Buckingham, England) . The best of three attempts was taken and the volumes expressed at BTPS. In some subjects the peak flow rate (PFR) was obtained from the maximal expiratory flow-volume curve recorded on a X-Y plotter (Gould Bryans Instruments, Mitcham, Surrey) connected to the spirometer of a Morgan lung function analyser (TLC System, P. K. Morgan, Chatham, Kent). Diffusing capacity was assessed by the measurement of the transfer factor (TL) for carbon monoxide using a single breath method (TLC System, P. K. Morgan, Chatham, Kent) as described by Cotes (1979) . The TLC System was mounted on a converted hospital trolley so that if necessary the equipment could be taken to the patient's bed-side in the accident and emergency department or general ward. The diffusing capacity was expressed as both the transfer factor (ml, min-', mm Hg-1) and as the transfer coefficient or diffusing constant (Kco) which takes the alveolar volume into account (ml CO, min-', The effects of accidental chest injuries 31 mm Hg-1, 1-1) (Cotes, 1979; Lipscomb et al., 1978; Werner & Kolmer, 1982) . When low values were obtained for TL it was sometimes possible to check whether this was due to a true deficit in diffusing capacity or to poor intrapulmonary mixing by recalculating alveolar volume from the functional residual capacity (and hence residual volume) measured with the closed-circuit helium dilution test (TLC System, P. K. Morgan, Chatham, Kent). Unfortunately this could not be done in all cases because some patients were unable to tolerate the mouth piece and nose clip for the several minutes needed for full equilibration. Patients who had recently smoked a cigarette or who admitted to being heavy smokers were excluded from this test. The total lung capacity (TLC) was calculated as the inspiratory capacity plus the functional residual capacity. Inspiratory capacity was measured from the spirometer tracing and the functional residual capacity by the helium dilution test mentioned above. The vital capacity (VC) was calculated as the sum of the inspiratory capacity and the expiratory reserve volume measured on the spirometer tracing (Cotes, 1979) . The residual volume was taken as the difference between TLC and VC.
Predicted values were taken from Cotes (1979) and the Vitalograph lung function tables and nomograms.
A record was kept of the patient's clinical course, paying particular attention to analgesic drugs given (Entonox was not used) and posture during the tests. Intercostal nerve block was achieved with the injection of 2 ml of 0250/ bupivacaine (Marcain Plain, Duncan Flockhart) at each fracture site.
Thirteen control subjects were studied under similar conditions (i.e. lying supine or sitting on an examination trolley in the accident and emergency department).
The results were analysed statistically by standard methods (Snedecor & Cochran, 1967) . The studies were approved by the Salford Health Authority Ethical Committee.
RESULTS
Some details of the controls and the patients are shown in Table 2 . Four of the AIS 1, three of the AIS 2 and all of the AIS 3 patients were admitted to hospital. None of the patients had a fracture of the first or second ribs and none died from their injuries. Only four (160 ) of the Al S 1 patients had other injuries (18S range 2-1 1) but this increased to seven (580o) in the AIS 3 group (ISS range 10-17), none of these 'multiply' injured patients had an abdominal injury. Nearly one half (22) of the patients were injured in road traffic or occupational accidents, the remainder were the victims of a variety of accidents including assaults, domestic falls, sporting injuries, falls on ice etc. The first tests were made 0 75 h-1 5 days (median 13 5 h) after injury. The long time intervals between injury and first measurement in some patients were a result of delays in presentation to hospital in the AIS 1-2 groups and to an inability to co-operate with the tests in the AIS 3 group. Eleven of the patients who were admitted (AIS 1, 2; AIS 3, 9) were given pethidine (50-100 mg i.m.) at intervals for up to five days after admission followed in some cases by oral analgesics (DFI 18, one; paramol, two; distalgesic, three; fortral, one or omnopon, one). Another 11 patients who were not admitted were prescribed oral analgesics (equagesic, 5; distalgesic, 2; zomax, 3; paramol, 1). Pulmonary function was measured in five control subjects four or five times over a two month period. The coefficient of variation for the measurements were: forced expired volume1.0 (1 -80o) transfer factor (8 7°O), transfer coefficient (660°o) and total lung capacity (5-Oll). The effect of posture on pulmonary function was assessed in 11 control subjects. Forced expired volume1.o was significantly higher (p < 0 05; paired 't' test) in the upright (3 49 + 0 301) than in the supine (3 21 + 0 221) position. Total lung capacity was not affected by posture but both transfer factor and transfer coefficient were significantly lower (p < 0 05; paired 't' test) in the upright (TL 29 3 + 15 ml CO min-' mm Hg-1; KCo 4-76+035 ml CO min-' mm Hg-1 1-1) than in the supine (TL 332 +21 ml CO min-1mm Hg-1; KC0 552+033 ml CO min-1mm Hg-1 1-) position.
Ventilatory Capacity after Injury FEV1.0 was significantly lower than the predicted normal value after chest injuries of both minor (AI S 1-2) and moderate (Al S 3) severity (Table 3) . On the day of injury and for the next two days the reduction was greater in the moderately injured patients. Subsequently FEV1.0 slowly returned to predicted values in the AIS 3 patients but remained markedly impaired in the AIS 1-2 group. A similar pattern of reduction in ventilatory capacity after injury was shown by the peak flow rates (Fig. 1) . The shape of (6) (10) (9) (7)
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-:. the flow-volume curves (e.g. Fig. 2 ) suggested that the impairment in ventilatory capacity was restrictive rather than obstructive in origin and this was confirmed when FEVI 0 was expressed as a percentage of the forced vital capacity (FVC). In a group of 18 patients 10 had a higher FEV") on the day of injury than after recovery. In four FEV0O
was unchanged and in only four was FEV°'O reduced immediately after injury, this may not reflect an obstructive lesion but may well be a result of the patient's reluctance to make a maximal expiratory effort. The effect of intercostal nerve block at the site of rib fracture was tested in five patients. In all cases marked pain relief was achieved but there was no significant improvement in ventilatory capacity (Table 4) . Diffusing Capacity after Injury Only a relatively small number of the injured patients was able to co-operate satisfactorily in this test and so the results from the AI S 1, 2 and 3 groups have had to be combined. There was a significant reduction in transfer factor (expressed as ml CO min-' mm Hg -1 or as a % predicted) for approximately the first week after injury (Table   5 ). In those patients in whom it was also possible to carry out the longer helium dilution test (see Methods) it did seem that the deficit was not due to poor intra-pulmonary mixing. However when the diffusing capacity was expressed as the transfer coefficient (i.e. by taking the alveolar volume into account) there was no significant reduction after The effects of accidental chest injuries 35 injury (Table 5) and the values obtained were very similar to those obtained in the control uninjured subjects.
Lung Volumes after Injury
The data from the AIS 1, 2 and 3 groups have again been combined. Total lung capacity (TLC) was significantly lower than the predicted value on days 1-5 after injury although it was not significantly reduced on the day of injury (Table 6 ). Vital capacity (VC) was significantly reduced for at least 16 days after injury. The reduction in VC seemed to be proportionately greater than that in TLC and not surprisingly residual volume (expressed as a percentage of TLC) was significantly greater during the first week after injury than at recovery 1-3 months later (Table 6 ).
DISCUSSION
This study shows that direct chest injuries of mild and moderate severity lead to a significant impairment of pulmonary function. The changes are too large to be explained by altered posture or by the normal fluctuations over a 2-3 month time interval of the measurements used to assess pulmonary function. The reduction in ventilatory capacity after injury was the most marked change. It did The effects of accidental chest injuries 37 not appear to be due to obstruction of the lung airways but rather to restricted expansion of the thorax a conclusion supported by the finding of a concomitant reduction in vital capacity and increase in residual volume. The inability to fully expand the thorax is presumably a result of both the physical damage to the chest wall and the pain produced (or anticipated) when the patient tries to take a deep breath. When ventilatory capacity was measured soon after injury the impairment was directly related to the severity of injury. The patients with more severe injuries (AIS 3) were admitted to hospital and with supervised physiotherapy soon started to improve. Indeed on follow-up 1-3 months after injury the ventilatory capacity had returned to predicted values confirming that such injuries do not usually leave any residual impairment of lung function (Braun et al., 1977) . However, in those patients with minor injuries (such as the fracture of one rib) the deficit in vital capacity was more persistent. This may be explained by their reluctance to do any more than tidal breathing while unsupervised at home. The use of analgesia would seem to be advisable but we have no evidence that pulmonary function was improved by the use of analgesics. There was no improvement in ventilatory capacity despite achieving marked pain relief with intercostal nerve blocks at the site(s) of fracture. This was unexpected and did not agree with the experience of others (e.g. Jones et al., 1967; Pedersen et al., 1983) . It is of interest that there seems to be a dissociation between analgesia and the impairment of pulmonary function. Indeed preliminary results suggest that the injection of larger doses (4-5 ml at each site) of local anaesthetic than are needed to achieve analgesia may be more effective in helping to restore ventilatory capacity.
The diffusing capacity of the lung was also reduced after injury. This was a result of a reduction in alveolar volume rather than to a deficit in the alveolar capillary membrane. The unchanged transfer coefficient or diffusion constant after injury indicates that the parts of the lung still involved in gaseous exchange are normal and there is no evidence for diffuse pulmonary oedema. The reduction in alveolar volume (and total lung capacity) is probably due to collapse of that part of the lung which was directly damaged at the site of injury.
Thus after chest injuries of minor and moderate severity there is a reduction in total pulmonary diffusing capacity and an impairment of pulmonary ventilation which may compromise the ability to increase pulmonary gaseous exchange. This can be important if, for example, metabolic rate is increased secondary to a chest infection which develops because the patient is unable to cough sufficiently to clear pulmonary secretions. There is no doubt that in-patient treatment including physiotherapy was of considerable benefit in aiding recovery and it would seem sensible to pay more attention to the progress of the patient who is not admitted. We recommend that they should attend out-patient clinics where physiotherapy is encouraged and lung function can be assessed. The present study would seem to confirm the suggestion that 'simple' fractures are not such simple injuries (Cosgriff & Hale, 1959) .
